Purpose Recurrence after laparoscopic inguinal herniorrhaphy is poorly understood. Reports suggest that up to 13% of all inguinal herniorrhaphies worldwide, irrespective of the approach, are repaired for recurrence. We aim to review the risk factors responsible for these recurrences in laparoscopic mesh techniques. Methods A search of the Medline, Embase, Science Citation Index, Current Contents and PubMed databases identified English language, peer reviewed articles on the causes of recurrence following laparoscopic mesh inguinal herniorrhaphy published between 1990 and 2018. The search terms included 'Laparoscopic methods', 'Inguinal hernia; Mesh repair', 'Recurrence', 'Causes', 'Humans'. Results The literature revealed several contributing risk factors that were responsible for recurrence following laparoscopic mesh inguinal herniorrhaphy. These included modifiable and non-modifiable risk factors related to patient and surgical techniques. Conclusions Recurrence can occur at any stage following inguinal hernia surgery. Patients' risk factors such as higher BMI, smoking, diabetes and postoperative surgical site infections increase the risk of recurrence and can be modified. Amongst the surgical factors, surgeon's experience, larger mesh with better tissue overlap and careful surgical techniques to reduce the incidence of seroma or hematoma help reduce the recurrence rate. Other factors including type of mesh and fixation of mesh have not shown any difference in the incidence of recurrence. It is hoped that future randomized controlled trials will address some of these issues and initiate preoperative management strategies to modify some of these risk factors to lower the risk of recurrence following laparoscopic inguinal herniorrhaphy.
Introduction
Inguinal hernia repair is one of the most commonly performed general surgical operations with reported rates ranging from 10 per 100,000 of the population in the United Kingdom to 28 per 100,000 in the United States [1] . Worldwide, more than 20 million patients undergo groin hernia repair annually. Reports suggest that up to 13% of all inguinal hernias performed worldwide, irrespective of the approach, are recurrent inguinal hernias [2] . Two common laparoscopic approaches (i.e. transabdominal preperitoneal-TAPP and totally extraperitoneal-TEP) have been increasingly utilized in recent days and claimed to be associated with lower rates of recurrence compared to its open counterpart [3] [4] [5] . Recurrence following laparoscopic inguinal herniorrhaphy can occur at any stage after the operation but tend to be more common if the patients are younger and in the first 3 years following the surgery [6] [7] [8] . Use of mesh in inguinal hernia surgery, irrespective of the approach, reduces recurrence rate by 50-75% compared to suture repair of hernias [9, 10] . The recurrence rate following laparoscopic mesh herniorrhaphy has been reported to be between 1 and 7.9%, the highest rate being reported from Australia and has remained unchanged for the last 2 decades [11] [12] [13] .
The reason as to why inguinal hernias recur is most likely multifactorial. This includes both technical and non-technical patient-related risk factors and it is possible that the different groin hernia subtypes have different pathophysiology [14] . The non-technical patient-related risk factors in all probability have the greatest impact on the risk of recurrence. Optimizing some of the patient factors perioperatively and improved intraoperative surgical techniques aid in decreasing the recurrence rate of hernia. As much as the surgical factors could be modified and improved, patient factors are largely non-modifiable, especially when a patient presents as an emergency case. Some of the patient risk factors could be optimized when the operation is performed in an elective setting, and includes body mass index (BMI), smoking, diabetes and iatrogenic induced immunosuppressive states such as steroid intake. The following discussion aims to address various modifiable and non-modifiable risk factors in an evidence-based manner impacting the recurrence following inguinal herniorrhaphy and is based on published literature.
Patient factors

Gender
Female gender has been reported in some studies as a risk factor for recurrence [14, 15] . This assumption has been based primarily on observational and review studies in open inguinal hernia repairs. Burcharth et al. [14] have suggested that the increased rate of recurrence in female patients after open inguinal hernia repair is due to missed femoral hernias, which the surgeons failed to look for routinely during an open inguinal herniorrhaphy. These femoral hernias may become apparent and symptomatic at a later date. The authors formed their opinion based on one of the largest epidemiological studies spanning over 14 years with a total of 108,775 patients. 5893 of these patients were females who were followed up for up to 6 years and found to have a higher recurrence rate after indirect inguinal herniorrhaphies. But this finding has not been observed when evaluating recurrence after laparoscopic inguinal herniorrhaphy [16] . This may be because during the laparoscopic inguinal hernia repair, the presence of femoral hernia (or for that matter any other groin hernia) is far easily detectable during a methodical dissection and exploration of the preperitoneal or extraperitoneal space with high resolution and magnified imaging technology routinely deployed for laparoscopic procedures.
Age
Regarding patients' age, a very large Danish Study by Burcharth [17] has provided the most convincing proof that age has no relevance in laparoscopic inguinal herniorrhaphy recurrence. This study was a systematic review and metaanalysis of non-technical patient-related risk factors for recurrence. From a total of 5,061 potentially relevant records they included 40 studies in the review covering 719,901 procedures in 714,167 patients. Of those, 14 studies covering 378,824 procedures in 375,620 patients were included into meta-analysis of eight risk factors (gender, age, hernia type, hernia size, re-recurrence, bilaterality, mode of admission and smoking). The author failed to show the impact of postoperative convalescence and age as a risk factor for recurrence.
BMI
Higher BMI is associated with poor wound healing and increased incidence of complications. Both of these factors in turn increase the risk of recurrence. Schjøth-Iversen et al. [11] found that a BMI of ≥ 30 has a threefold higher 1 3 risk of recurrence rate compared to those with a BMI of < 30. The study analyzed > 1000 patients with a 2 year follow-up and found that high BMI was an independent risk factor for recurrence after laparoscopic TEP approach on both univariate and multivariate analysis. Apart from poor wound healing and surgical site infection associated with high BMIs, other immunosuppressive factors (such as diabetes, smoking and steroid intake) lead to poor inflammatory response, which may contribute to increased recurrence from poor tissue integration of the mesh [18] .
Cord lipomas
The incidence of cord lipomas is higher in patients with increasing BMIs [19] . Furthermore, some surgeons choose not to excise these lipomas especially in male patients, fearing that this may compromise the blood supply to the testicle. These two factors may contribute to pseudorecurrence, which may lead to patients seeking a second opinion and undergoing further unnecessary surgery [20] . It is, therefore, recommended that these lipomas should be excised in the safest possible manner to prevent confusion in future exploration for a true recurrence of inguinal hernia.
Location of the hernia
Location of the defect could influence the rate of recurrence. The hernia may be an indirect (lateral) or a direct (medial), and it may be either localized to an inguinal region or involving the scrotum i.e. inguinoscrotal. Schjøth-Iversen et al. [11] , in their prospective cohort study with a 2 year follow-up, found that patients with medial hernias had more recurrences than those with lateral hernias. The rate of recurrences was 8.1 vs 3.6% with a hazard ratio of 2.37. Similarly, Burcharth et al. [17] in their very large epidemiological study found a direct inguinal hernia at primary operation was a substantial risk factor for recurrence with a Hazard ratio of 3.1 compared with an indirect inguinal hernia at primary operation. It is unclear whether this increased recurrence with direct hernias was because of insufficient mesh coverage beyond the pubic tubercle medially or it is purely an anatomical factor, such as much larger defects encountered in direct hernias compared to the indirect ones irrespective of the size of the hernia sac itself. The authors noted that fixation vs no fixation of the mesh did not make any difference when the hernias were more medially placed. One could, therefore, conclude that larger medial hernias would benefit from the use of larger mesh coverage especially the medial aspect.
Postoperative complications
Various postoperative complications have been claimed to be the causative factors for recurrence following laparoscopic herniorrhaphy, however, very few have been studied. Postoperative infection is a feared complication following an inguinal hernia repair. El-Dhuwai et al. [8] demonstrated an association between postoperative wound infection and recurrence. Their longitudinal cohort study analyzed 120,342 patients who had undergone inguinal hernia repair between 2002 and 2004 and were followed up until April 2009 across multiple centers in the United Kingdom. They found that laparoscopic compared to open mesh repair was associated with lower incidence of wound infection, yet the recurrence rate was higher for the laparoscopic group 4 vs. 2.1% in the first year. Similar findings were noted in various systematic reviews comparing open and laparoscopic inguinal hernia repairs suggesting that infection, although may have an association, is not solely responsible for significant recurrences [21] [22] [23] .
Other risk factors that have been attributed to recurrence include seroma and hematoma formation between the mesh and anterior abdominal wall. This may lead to mesh lifting off the rectus muscle/sheath impairing tissue integration and consequently hernia recurrence. Olmi et al. [3] in their RCT, reported a seroma and recurrence rate of 6.3-7.5 and 1.5% for hernias where tacking devices were used to fix the mesh compared to 2.2% and 0 when Tissucol biocompatible fibrin sealant was used. According to these authors, Tissucol provides prosthesis stability leading to a significant reduced incidence of seroma formation and prevention of hematomas at the prosthetic site influencing lower recurrence rate. However, this has been contradicted by a recent study from Kockerling et al. [24] who analysed 20,004 male patients with TAPP repair of primary unilateral inguinal hernia. Univariable analysis revealed the highly significant impact of the fixation technique on the seroma rate (non-fixation 0.7% vs. tacks 2.1% vs. glue 3.9%; p < 0.001). Multivariable analysis, however, showed that glue compared to tacks and non-fixation led to a significantly increased seroma rate. Furthermore, a large hernia defect (III and II vs I) presented a significantly higher risk of seroma formation. Likewise, medial compared to lateral inguinal hernias had a significantly higher seroma rate. The authors concluded that mesh fixation with tacks or glue, a larger hernia defect, and medial defect localization present a higher risk for seroma development in TAPP inguinal hernia repair. These contradictory results have muddied the water further and, therefore, any firm recommendation whether to undertake mesh fixation or not is difficult to formulate.
Surgical factors
Types of repair and approach
Laparoscopic inguinal hernia repair has evolved since its introduction in the early 1990s. Different approaches have been utilized ranging from TAPP [7] to TEP repair [4] and from multiple incisions (MILS) [25] to single incision approaches (SILS) [26] . Whichever method or approach is used, the plane of dissection and the placement of mesh remains the same, i.e. preperitoneal. As surgeons are becoming more comfortable with laparoscopic inguinal herniorrhaphy, it is now routinely used for the inguinoscrotal hernias where TEP method could act as an adjunct to open and TAPP may act as a fall back method for TEP [27] [28] [29] . These two techniques are particularly helpful when treating a recurrence from an open-approach as the plane of dissection and placement of mesh would not have been violated previously. The TEP approach was introduced well after the TAPP and does take longer to master, and so has been claimed in the past to be a cause of recurrence earlier in the learning curve more than the TAPP approach [30, 31] .
A number of comparative studies including RCTs have been conducted comparing TEP and TAPP technique. Most of them have been small volume underpowered studies (around 50 patients) [32] [33] [34] with short follow up ranging from a few weeks to a few months. The followup, nonetheless, varied widely where Schrenk et al. [32] followed their patients only for 3 months, Dedemadi et al.
[33] for 3 years and Butler et al. [34] for 2 years. A RCT from Bansal et al. [35] where each group had nearly 160 patients reported a recurrence rate of 0.3% in the TAPP and none in the TEP group at a median follow-up of 36 months. The study included both bilateral and unilateral hernias. A similar RCT from Wang et al. [36] followed 252 patients for up to 32 months and found no recurrence in either of these groups. The largest prospective comparative study of nearly 18,000 patients comparing TEP and TAPP for recurrent unilateral inguinal herniorrhaphy shows no difference in recurrence rates at 1 year with 0.82% for TEP and 0.9% for TAPP patients [37] . More recently Sharma et al. [38] evaluated the effect of these two techniques on bilateral inguinal hernias only in their RCT. They found no early recurrence in their cohort of 60 patients within 30 days.
One of the first systematic reviews to compare the two techniques was by McCormack et al. [39] . They reported on nearly 16,000 patients that included only one RCT and eight non-randomized studies and concluded that there was no difference in recurrence between the two techniques. They noted only one recurrence in the TAPP group and none in the TEP group in a single RCT that was part of this analysis. Since then there have been a few meta-analyses and systematic reviews. Antoniou et al. [40] analyzed 516 patients from 7 RCTs and found no difference in recurrence rates between TAPP (3.1%) and TEP (2.4%). Wei et al. [41] included 10 RCTs encompassing just over 1000 patients which showed no difference in the recurrence rate between the two methods, suggesting equal efficacy of both these techniques. The latest systematic review and meta-analysis by Chen et al. [42] analyzing 8 of the 16 RCTs comparing TEP vs TAPP reporting on recurrences totaling 778 patients showed no significant differences in the recurrence rate between the primary as well as primary plus recurrent hernias. The recurrence rate may not be the true recurrence rate as the follow-up duration, which is an important indicator or recurrence, was less than 5 years for several studies.
One of the very infrequently used techniques is that of intraperitoneal on lay mesh (IPOM) repair. Chan et al. [43] reported an unacceptable recurrence rate of 5% at 3 months in a cohort of 39 patients undergoing repair with IPOM technique. Hatzitheofilou et al. [3, 44] analysed 52 inguinal hernias in 50 patients using IPOM technique. They reported a recurrence rate of 4% between 7 and 31 months of follow up. However, the authors were concerned regarding the safety of this method because one of their patients had not only recurrence, but bowel strangulation also. Olmi et al. [45] at 23 months reported no recurrence of inguinal hernia in a cohort of 60 IPOM patients using Parietex composite mesh and a fibrin glue for its fixation. However, they cautioned the readers regarding these short-term results. The technique of IPOM for inguinal hernia, in spite of efforts from a few surgeons, has failed to gain popularity due to non-anatomical repair and some earlier studies showing high recurrence and complication rate.
Finally, there seems to be an ongoing debate regarding SILS vs MISL techniques for inguinal hernia repair. A recent systematic review analyzed the recurrence rate between SILS and MILS techniques [25] involving 16 studies, including 4 RCTs and nearly 1600 patients. They found no difference in the recurrence rate between the two groups. One of the reasons behind poor uptake of SILS is the issue of ergonomics and higher risk of port site hernias compared to conventional laparoscopic surgery [46] .
One can, therefore, conclude that except for IPOM which has fallen into disrepute and no longer routinely used for inguinal hernia repair, both TEP and TAPP have shown equivalent results in terms of recurrence rate. Furthermore, both SILS and MILS can be utilized by surgeons depending on their preferences without exposing patients to unnecessarily higher rate of recurrence. However, SILS is associated with a significantly higher risk of port site hernias. The choice of technique should be tailored to surgeon's expertise to provide the best possible outcome for the patient.
Surgeon's learning curve, case load, experience and frustrations
Surgeons' experience plays a vital role in the outcome of any surgery and inguinal hernia is no exception. The experience of a surgeon varies at different stages of their training and learning curve with regards to a particular procedure. Having said that, a resident or a fellow who has negotiated the learning curve, may perform and achieve better results than senior colleagues.
A "learning curve" is typically defined as the number of cases needed to perform a particular surgical procedure to achieve acceptable operative times, good clinical outcomes, and for the surgeon to reach a "comfort zone". It is generally believed that the learning curve for performing laparoscopic inguinal hernia repair is longer than for conventional open Lichtenstein repair, due to the limited working space and different appreciation of the anatomical landmarks. Several authorities and authors have proposed between 13 and 250 cases to reach the mastery in endoscopic hernia surgery and low recurrence rates [30, 47, 48] . The 2009 EHS guidelines [49] suggest that it ranges between 50 and 100 procedures, with the first 30-50 being critical. El-Dhuwai et al. [8] found that surgeons' reoperation rate for recurrence could decrease and plateau with as few as 20 cases. Their study of the UK NHS database found, that as the surgeons gained more experience with the increase in national uptake of laparoscopic inguinal hernia repair, their recurrence rates decreased from 4 to 2%, which reduced further to 1% beyond 60 cases. In another study by Bansal et al. [50] the authors have concluded that the learning curve for TEP repair can be achieved by performing as little as 13 hernias and for TAPP, 14 hernias. Therefore, during the learning curve there is a higher recurrence rates for surgeons until they reach mastery [8, 51, 52] . Bracale et al. [53] published a study comparing 100 TAPP procedures by two different trainees and a senior surgeon. Two tests were used to evaluate completion of the learning curve: The Cumulative Sum (CUSUM) and KPSS tests. The authors' evaluation showed that both trainees fully completed their learning curves for the TAPP after 65 procedures, providing the authors of this paper a parameter, which can be taken into consideration when establishing the minimum volume necessary to guarantee correct training in laparoscopic inguinal hernia repair by a TAPP technique. A large RCT [48] comparing laparoscopic with open inguinal herniorrhaphy found a 10.1% recurrence rate following laparoscopic repair. In this study, 69 surgeons performed 989 repairs. Prior to the study's commencement, only 20 of the 69 surgeons reported an experience of more than 250 repairs. For this highly experienced group, the recurrence rate for laparoscopic repair of primary hernia dropped to 5.1% and was comparable to a recurrence rate after open repair at 4.1%. The authors concluded that an experience of 250 inguinal herniorrhaphy was necessary to achieve a significant reduction in recurrence rates. In yet another study from the Netherlands [54] analyzing TEP herniorrhaphy, the authors demonstrated a decline in the conversion rate, incidence of short-term postoperative complications, and the operative time even after more than 400 individually performed TEP procedures; indicating a rather long learning curve. However, when it comes to intraoperative complications and recurrence the learning curve period of TEP hernia repair seems relatively short and is expected to be overcome in the first 50-100 TEP repairs.
Once the learning curve is achieved then there may not be much of a difference in the recurrence rate for inguinal hernia repair between fellows and consultants. This was demonstrated by Schjøth-Iversen et al. [11] , who showed the recurrence rate between fellows and consultants was similar, i.e. 5.2% and 5.4%, respectively. It is, however, important to note that both groups performed well over 300 hernias. Out of the 345 procedures performed by residents and fellows, 146 were performed without the supervision of an attending surgeon and 199 were performed supervised by an attending; the recurrence rates were not statistically different 6.8% and 4%. Therefore, one can assume that a team-based approach was utilized and a second opinion was sought more often than not in difficult cases to provide the best possible outcome for the patient. As the TEP method proved challenging for novices, attention to detail and a second opinion rather than just the number of cases helped surgeons achieve mastery earlier on in their learning curve and minimized recurrence rate [55] . However, the recent International guidelines [56] for groin hernia management have specifically implicated annual inguinal herniorrhaphy volume of < 5 cases and limited surgical experience as one of the key factors in hernia recurrence which could be modified by surgical coaching and increasing caseload as discussed above.
Finally, a study by Kaafarani et al. [57] evaluated the relationship between the attending surgeons' frustration and satisfaction and recurrence and complications of open and laparoscopic inguinal hernia repair at 14 Veterans Affairs hospitals. After completion of the procedure, surgeons were asked to assess their level of frustration during the operation and their overall satisfaction with the operative result. Reasons for surgeon frustration were evaluated. Patients were followed for 2 years for recurrence and complications. 1622 (808 open, 813 laparoscopic) patients were analysed. Surgeons reported less frustration and more satisfaction with open than with laparoscopic repair. Frustration was associated with a higher rate of hernia recurrence at 2 years in open repair, and a higher overall rate of postoperative complications in both open and laparoscopic hernia repair.
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The authors concluded that the level of a surgeon's frustration during performance of an inguinal herniorrhaphy was a better predictor of outcomes of the operation than was satisfaction with the procedure. According to these authors sources of intraoperative frustration should be controlled to improve outcomes.
Type of mesh
Use of mesh for the repair of hernia has been proven and established since the early twentieth century [58, 59] . The mechanism by which the mesh provides for a stronger support compared to suture only repair was demonstrated in 1990s [60] . The foreign body reaction that the mesh creates allows for inflammation to set in and the mesh get incorporated into the surrounding tissue, there-by resulting in fibrosis or scarring. Ideally one would wish for a scar net, which is more flexible than a scar plate, which is relatively rigid. This flexibility is vital in the inguinal region, which is an area of constant movement either with mid body or lower limb motion.
Polypropylene (Prolene) has been used traditionally in both open and laparoscopic inguinal herniorrhaphy. The initial prolene meshes were heavy weight (> 80 g/m 2 ) and micro porous (< 1 mm) meshes, although lighter-weight polypropylene is available now days. The foreign body reaction resulting in intense fibrosis has been thought to potentially result in chronic pain syndrome after inguinal hernia repairs. This led to various modifications of mesh, in weight (light, medium and heavy), porosity (> 1-2.5 mm) and composition (monofilament, polyfilament, single material, composite, synthetic, biological, absorbable and non-absorbable). Changing the mesh properties also affects various other outcomes including recurrence and patients' perception of whether or not they can feel the mesh. There is strong evidence that mesh selection can change clinical outcomes (e.g. foreign-body sensation, chronic pain, sperm motility, seroma formation and recurrence). A single perfect mesh does not exist and, therefore, the choice of mesh remains an individual preference and its availability. However, the surgeon should be aware of the specific mesh characteristics that may lead to potential complications. The HerniaSurg group [56] has suggested large pores (1-1.5 mm) monofilament synthetic flat meshes with a bursting strength of 16N/cm 2 and consisting of minimal tensile strength in all directions including subsequent tearing force of 16 N/cm 2 . A recent study by Trandafir et al. [61] analyzing four RCTs, eight reviews, eight prospective, seven retrospective and three experimental studies concluded that there was no difference in recurrence rate between heavy and light weight meshes. They also found no difference in acute or chronic pain, rate of seroma formation and quality of life. They noticed that the most commonly used mesh in various trials was polypropylene light-weight mesh, monofilament, with large pore size, a minimum tensile strength > 16 N/ cm 2 , and minimal dimensions of 10 × 15 cm. In one of the first RCTs comparing two different types of mesh (prolene and Vipro II) in TEP repair of recurrent unilateral hernia, Heikkinen et al. [62] showed no difference in recurrence rates and quality of life after a short follow-up of 8 weeks. Since then several different types of meshes have been compared in both the TEP and TAPP methods [63] [64] [65] . The commonest types of meshes that have been studied include polypropylene [63] , VYPRO-combination of polypropylene-polyglactin [62] and ultrapro [64] . Currie et al. [66] in a meta-analysis of 6 RCTs comparing heavy and light weight meshes, encompassing nearly 1500 patients reported no difference in recurrence rates (1%) between the two groups. Furthermore, they found no difference in recurrence rate when subgroup analysis of TEP and TAPP was undertaken. In contradiction to all the above studies, a long-term follow-up study of > 15 years by the Swedish national registry totaling 17,348 patients, reported a significantly higher recurrence rate with lower weight mesh in comparison to standard heavy weight polypropylene [67] .
The latest introduction is that of a self-gripping mesh made of polyester with multiple small barbs made from polylactic acid, which fixes the mesh to the tissue and secures it in the desirable position. It is a medium weight, macroporous mesh satisfying many properties of an ideal mesh. Although the mesh has been in use since 2008 and has been used in open inguinal hernia repairs, the first study to report its outcome in a laparoscopic herniorrhaphy was by Kirk et al. [68] . They reported a recurrence rate of 1.4% in their cohort of 220 patients who were analyzed retrospectively over a period of 23 months. This is in agreement with another prospective study by Ozmen et al. [69] who performed 235 TAPP inguinal herniorrhaphies with a self gripping mesh and found no recurrence at a mean follow-up of 15 months. Fumagalli et al. [70] were the first to compare polypropylene and self-gripping polyester mesh involving 96 patients in a prospective non-randomized study. At 6 months follow-up they found only one recurrence in the polypropylene group. Recently, Ferrarese et al. [71] in their RCT analyzing 60 patients, showed a recurrence rate of 13.3% in the polypropelene group and 16.6% in the self gripping polyester group, which was not statistically significant at a mean follow-up period of 11 months. These studies [68] [69] [70] [71] demonstrate that the self gripping meshes are comparable to the well-established polypropelene mesh in their outcomes with an added advantage of not having to use any fixation techniques during the laparoscopic herniorrhaphy. Whether the avoidance of fixation technique will have any impact on the recurrence rate and chronic pain syndrome in the future remains to be seen and the long-term data is awaited.
Mesh size
Adequate coverage of the hernia defect is imperative when performing a hernia operation with mesh. There is no consensus or guideline with regards to the mesh coverage of the inguinal hernia defect compared to ventral hernia defects. Surprisingly enough, even the recent International Groin Hernia Management Guidelines [56] have ignored this topic. The importance of using a large enough mesh was stressed as early as 1973 by Stoppa [72] in open inguinal hernia and the same holds true for the laparoscopic inguinal hernia repair. It has even been proposed that most of the recurrences after laparoscopic hernia repairs are due to inappropriate mesh size [73] . Fitzgibbons et al. [73] reported 5% recurrence in the TAPP inguinal hernia repair when they used a mesh measuring 9.2 × 6 cm which is most often the size used in open inguinal hernia repair. This begs the question whether we have always been using a smaller mesh in open inguinal hernia or the preperitoneal dissection is much more extensive compared to its open counterpart and requires a large mesh to cover all the potential groin hernia sites? In addition, shrinkage of the mesh needs to be considered as it has been demonstrated that meshes, especially the heavy weight ones can shrink up to 20-25% [70] and, therefore, may contribute to recurrence. Studies since have demonstrated that using a larger mesh results in lower recurrence rates, from 5 to 0.16% [74] . This is probably not just because it covers a wider area well beyond the effaced edges of the hernia orifice but also covers all of the different potential hernia sites in the inguinal region such as direct, Indirect and femoral hernia areas. Kapiris et al. [74] have dropped their recurrence rate from 5 to 0.16% using a larger mesh measuring 10 × 15 cm. Similarly, Leibl et al. [75] looked at two important issues when analyzing their recurrence rate following TAPP repairs. The first was that of the size of the mesh and the second, slitting of the mesh. They decreased their recurrence rate from 2.8% (phase I) to 0.36% (phase II) after using a large mesh (10 × 15 cm) without a slit. If the slit edges are not reapproximated adequately, an opening is present for recurrence. Some surgeons even use 16 × 15 cm non-split mesh routinely. However, placing such a large mesh in the TEP repair can prove quite a daunting task although extended-TEP (e-TEP) seems to have solved this problem. So adequate and methodical dissection to expose all the potential hernias sites, along with the use of large enough mesh without any slit to adequately overlap the myopectineal orifice, tailored to individual patient size (but not less than 10 × 15 cm), one would hope will continue to reduce the recurrence rate in laparoscopic herniorrhaphy [75] [76] [77] [78] .
Mesh fixation vs non-fixation
Fixation of the mesh is an element that has been fiercely argued for a long time. Most surgeons prefer to fix the mesh in one-way or another. There are various techniques used to place and secure a mesh in the preperitoneal space which includes using absorbable and non-absorbable tacks, fibrin glue, Tisseel spray and sutures to name but a few [79] .When using the traumatic methods such as tacks or sutures, the aim is to avoid blood vessels in the triangle of doom and nerves in the triangle of pain. The sole purpose of fixation is to prevent mesh migration or displacement, which may contribute to hernia recurrence although its mechanics are neither investigated in detail nor well understood [80, 81] . Irrespective of the method used to place and secure the mesh in place it is suggested that desufflation should be carried out under vision while watching for any obvious shift in the placement of the mesh [82] . Curling of mesh at the inferior aspect could potentially lift the whole mesh if it is not placed properly e.g. placed too low down or the pre-or extraperitoneal space is inadequately dissected to properly accommodate the entire mesh, or the mesh is too large, or if the mesh is not secured properly. Increasingly more and more surgeons aim to fix the mesh in a non-traumatic manner with the use of various materials such as fibrin glue or Tissell [83, 84] . The advantages include securing the mesh inferiorly (including inferomedial and inferolateral corners) without fear of injury to the iliac vessels and bladder where tacks cannot be used. This method prevents mesh lifting or folding inferiorly thereby preventing recurrence, supposedly preventing or reducing chronic pain syndrome and hematoma/seromas formation [3, 79] .
However, there is an ongoing debate regarding which fixation technique is better than the other in terms of recurrence and QoL such as acute or chronic pain [3, 83] . Liew et al. [79] in their RCT of 66 TAPP patients found no difference in pain outcome or recurrence rate (0%) at short term follow-up of 6 months between the tacks (non-absorbable metal) and glue (cyanoacrylate) groups. Prior to this RCT, a few other authors in their observational studies had noted a similar outcome. Schwab et al. [4] compared 186 patients with a mean follow up period of 23.7 months and found a recurrence rate of 5% in the tack group (non-absorbable) and 2% in the glue group (fibrin), which was not statistically significant. Yet another TEP study by Topart et al. [85] compared 66 patients with fixed mesh using either tacks (non-absorbable) or Tisseel glue and found no difference in recurrence rates between 12 and 39 months of follow-up with only one recurrence in the glue group. Kaul et al. [83] , in their meta-analysis combining two observational and one RCT comparing the tacks and glue fixation method showed no difference in recurrence rates between the two groups. Contrary to the above studies, Olmi et al. [3] in their RCT of 300 patients showed an increased incidence of recurrence in the tack group (1.5%) compared to the glue group (0%). The possible mechanism could be an increased incidence of hematoma and seroma with tacks, 6.3 vs 2.2%, which may have led to displacement of the mesh.
Non-fixation of mesh using TAPP [74, 86] and TEP [87, 88] techniques has been proven to be safe. This is because some surgeons feel that that the preperitoneal space is an enclosed space, which may not allow for significant migration of the mesh. Schjøth-Iversen et al. [11] reported no difference in the rate of recurrence between patients with fixed and unfixed mesh. The recurrence rate was 5.2 and 5.1%, respectively. This is the largest single center study to date analyzing 1194 patients over 2 years. The findings are in agreement with the two RCTs [76, 82] . Garg et al. [76] reported no recurrence at 25 months follow-up between the two methods. They suggested that wide dissection and application of larger mesh contributes to lower recurrence. These studies suggest that fixation of the mesh may not be that vital and attention to detail along with proper surgical technique is a crucial factor in preventing recurrence. Claus et al. [82] , compared tacks (absorbable) and non-fixation in a cohort of 60 patients undergoing TEP repair. They found that the mesh did not migrate irrespective of whether it was tacked or not based on the radiological examination that was guided by marking clips placed at the time of mesh placement. Teng et al. [89] in their meta-analysis, which included 6 RCTs and 772 patients, found no difference in recurrence rates between those who had their mesh fixed or not using TEP technique. Additionally, they found no difference in seroma formation and postoperative pain between the two groups. Similarly another meta-analysis [90] compromising of eight RCTs totaling approximately 1400 cases found no difference between the mesh fixation group and non-fixation group.
The matter of mesh fixation has further been studied in a clinical situation while the patient is on the operating table. Choy et al. [91] confirmed that the movement of well-placed mesh in the preperitoneal space is minimal or nil. They showed that there was no movement of unfixed mesh on relaparoscopy of the extraperitoneal plane following hip flexion and extension immediately postoperatively on the operating table. These movements were carried out with the preperitoneal space deflated. Irving et al. [92] as early as 1995 demonstrated that an unfixed mesh moves minimally following herniorrhaphy utilizing the TAPP technique. They marked the edges of the mesh with radio-opaque material, which were X-rayed postoperatively to assess for any migration. Furthermore, Dion et al. [93] in their in vitro studies using dogs, have proved that mesh integration following hernia repair is complete by 2 months as the cellular ingrowth and collagen deposition occurs within the mesh. This proves that proper placement of mesh in between two lamellar structures such as peritoneum and anterior abdominal wall or between the two layers of the rectus sheath provides early fixation, tissue incorporation and long-term stability and, therefore, the use of tacks may be superfluous and may even increase the risk of complications. One can, therefore, conclude that in laparoscopic inguinal herniorrhaphy, the current evidence suggests that fixation of a mesh has no impact on the recurrence rate and if possible should be avoided.
Conclusions
Recurrences can occur at any stage after laparoscopic inguinal herniorrhaphy and carries substantial morbidity. The reason as to why hernias recur is most likely multifactorial and includes both technical and non-technical patient-related risk factors and it is possible that the different groin hernia subtypes have different pathophysiology. There are a number of patient related and surgical risk factors that are responsible for these recurrences after the laparoscopic inguinal herniorrhaphy. Identification of these risks factors certainly will help prevent recurrences. Patients need to be counselled on some of the non-technical or modifiable risk factors such as higher BMI, smoking, diabetes, and use of steroids to minimize the risk of recurrence. Certain surgical factors such as surgeon's experience, proper surgical technique, use of appropriate size mesh with better tissue overlap beyond the edge of the hernia orifice, prevention of postoperative infection, seroma and hematoma will further decrease the incidence of recurrence rate and for that surgeons need to be educated. Certain other factors such as the type of repair (TEP vs TAPP), type of mesh and the use or avoidance of mesh fixation does not seem to contribute towards hernia recurrence. It is imperative that both surgeons and patients are educated to achieve the best possible outcome following the laparoscopic inguinal herniorrhaphy. The guidelines from various hernia societies and the patient consent form should provide a realistic account of these risk factors leading to hernia recurrence following the laparoscopic repair. Finally, future randomized controlled trials should incorporate all these perioperative modifiable and non-modifiable risks factors to provide better understanding of their role in the long-term longitudinal studies. It is important to remember as Tran et al. [56] have eloquently stated that "This situation (i.e. recurrence rate following inguinal herniorrhaphy) needs improvement. Reorienting our thinking, such that recurrence is routinely considered a complication rather than an expectation is a necessary first step". We agree with this sentiment.
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